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Abstract
When documents are written on both sides, quite often ink bleeds through the
paper. This is a common phenomenon with old documents and low quality paper.
With the presence of increased bleed-through, reading and deciphering the text
becomes tedious. This thesis implements algorithms for reducing bleed-through
distortion using techniques in digital image processing. A comparative study of
three methods has been performed with the rst being basic enhancement through
thresholding. The next two methods are founded on a registration process which
aims at working on both the recto and verso sides simultaneously. Firstly, both
sides of the documents are digitized. The verso is then ipped and corrected so as
to correspond to the coordinates of one side exactly with the coordinates of the
original writing on the other which is done using an ane transformation of six
parameters. The parameters are found by optimizing the alignment process. A
restoration algorithm is then applied to remove bleed though areas on the desired
side page. The third method proposes the use of cross correlation to handle the
registration process. The accuracy of bleed-through correction is found to be
largely dependent on the accuracy of alignment of the documents.
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Chapter 1
Introduction
1.1 Image Processing
The sense of vision has been one of the most vital senses for human survival
and evolution. A human uses the visual system to see or acquire visual
information, perceive, i .e. process and understand it and then deduce inferences
from the perceived information. Image processing deals with automating the
process of gathering and processing visual information. The process of receiving
and analysing visual information by a digital computer is called digital image
processing.
An image may be described as a two-dimensional function I.
I = f(x; y) (1.1)
where x and y are spatial coordinates. Amplitude of f at any pair of
coordinates (x, y) is called the intensity I or gray value of the image. When
spatial coordinates and amplitude values are all nite, discrete quantities, the
image is called a digital image. Digital image processing may be classied into
various sub-categories based on methods whose: [1]
• input and output are images
• inputs may be images where as outputs are attributes extracted from those
images.
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Following is the list of dierent image processing functions based on the above
two classes.
• Image Acquisition
• Image Enhancement
• Image Restoration
• Color Image Processing
• Multi-resolution Processing
• Compression
• Morphological Processing
• Segmentation
• Representation and Description
• Object Recognition
For the rst seven categories the inputs and outputs are images where as for the
other three the outputs are attributes of the input images. With the exception of
image acquisition and display, most image processing functions are implemented
in software. Image processing is characterized by specic solutions, hence the
technique that works well in one area can be inadequate with another. The actual
solution of a specic problem still requires signicant research and development. [2]
Out of the ten sub-categories of digital image processing, listed above, this
thesis deals with image enhancement. Here, various enhancement methodologies
are used and various inputs are restored using these methods. Image enhancement
techniques can be divided into two broad categories:
1. Spatial domain methods, which operate directly on pixels
2. Frequency domain methods, which operate on the Fourier transform of an
image.
2
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The rest of the chapter is organized as follows. Document Image Processing
and Data Capture are discussed in Section 1.2 and Section 1.3 respectively. The
problem denition is described in Section 1.4. Motivation behind carrying out the
work is stated in Section 1.5. Organization of the thesis is outlined in Section 1.6.
1.2 Document Image Processing
The objective of document image processing is to recognize text and graphics
components in images of documents, and to extract the intended information as
a human would. Two categories of document image processing can be dened: [3]
• Textual processing deals with the text components of a document image.
Some tasks here are: determining the skew (any tilt at which the document
may have been scanned into the computer), nding columns, paragraphs,
text lines, and words, and nally recognizing the text (and possibly its
attributes such as size, font etc.) by optical character recognition (OCR).
• Graphics processing deals with the non-textual line and symbol
components that make up line diagrams, delimiting straight lines between
text sections, company logos etc. Pictures are a third major component
of documents, but except for recognizing their location on a page, further
analysis of these is usually the task of other image processing and machine
vision techniques. After application of these text and graphics analysis
techniques, the several megabytes of initial data are culled to yield a much
more concise semantic description of the document.
Document analysis systems will become increasingly more evident in the form of
everyday document systems. For instance, OCR systems will be more widely
used to store, search, and excerpt from paper-based documents. Page-layout
analysis techniques will recognize a particular form, or page format and allow
its duplication. Diagrams will be entered from pictures or by hand, and logically
edited. Pen-based computers will translate handwritten entries into electronic
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documents. Archives of paper documents in libraries and engineering companies
will be electronically converted for more ecient storage and instant delivery to a
home or oce computer. Though it will be increasingly the case that documents
are produced and reside on a computer, the fact that there are very many dierent
systems and protocols, and also the fact that paper is a very comfortable medium
for us to deal with, ensures that paper documents will be with us to some degree for
many decades to come. The dierence will be that they will nally be integrated
into our computerized world.
1.3 Data Capture
Data in a paper document are usually captured by optical scanning and stored in a
le of picture elements, called pixels, that are sampled in a grid pattern throughout
the document. These pixels may have values: OFF (0) or ON (1) for binary images,
0{255 for grayscale images, and 3 channels of 0{255 colour values for colour images.
At a typical sampling resolution of 120 pixels per centimetre, a 20 30 cm page
would yield an image of 2400 3600 pixels. When the document is on a dierent
medium such as microlm, palm leaves, or fabric, photographic methods are often
used to capture images. In any case, it is important to understand that the image
of the document contains only raw data that must be further analysed to glean
the information. [3]
All samples used in this thesis were digitized by scanning through a book
scanner, Bookeye 3 (Figure 1.3) consisting of the following features:
• High-resolution CCD image sensors
• Integrated motor-driven book cradle with 100 mm range
• Lamps: LUXEON white LED (light strip: approx. 5000 Lux)
• Resolution: genuine 400 dpi on A1
• Colour depth: 36 bit internal / 24 bit external
4
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Figure 1.1: The Bookeye 3 Scanner
• Interface: 1000 MBit TPC/IP, Scan2Net
• Software: BCS-2
• Format: A1 6350 x 9000 mm
1.4 Problem Denition
Document Image Processing has many dierent methods to accomplish the
mentioned tasks. When documents are written on both sides, quite often ink
bleeds through the paper. This is a common phenomenon with old documents
and low quality paper. With the presence of increased bleed-through, reading and
deciphering the text becomes tedious. Bleed-through correction remains one of
the vitals part in Document Image Processing.
1.5 Motivation
Our work was primarily focused on enhancement of documents available at the
central library (Biju Pattnaik Library) of the National Institute of Technology,
5
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Figure 1.2: Sample of data captured with the Bookeye 3 scanner under Project
OaOb
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Rourkela, Orissa. A variety of old manuscripts, documents and books acquired
through the Open Access to Oriya Books (Project OaOb) was found to pose four
problems common to all documents through scanning as seen in Figure 1.3
1. Introduction of skew : During scanning, skew is inevitably introduced into
the process due to lack of precision in placement of the document or the
book on the scanner cradle.
2. Marginal and dimensional discrepancies : Scanned documents, mostly
handwritten were found to have persistent dierences in the widths of
margins on all four boundaries of a page. Moreover, these documents were
also inconsistent in page dimensions.
3. Bleed-through: Most old documents with poor quality or degraded paper
suered seepage of ink from one side of the page to the other.
4. Marks and artefacts : Ink blotches, human made markings and loss of data
due to physical damage of the document were other problems faced.
Software used for enhancement viz. BCS 2, ABBYY Finder and Adobe Acrobat
where found to deal with all of the above stated problems except bleed-though
to a considerable level. Bleed-through distortion required the specialist to work
on les individually to enable their removal which still did not result in desired
results. It was imperative to consider a stronger, quicker, more accurate batch
processing technique to the problem and that has hence been the motivation for
this project.
1.6 Thesis Organization
The rest of the thesis is organized as follows:
Chapter 2 introduces thresholding and describes how optimal and
adaptive thresholding can be applied to remove bleed-through to a
considerable level.
7
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Chapter 3 outlines the structure, organization and working of the
bleed-through removal algorithms described within. A widely used
technique for removal which works on registration using optimization is
explored. In addition, a method for ecient registration of documents
through cross-correlation is proposed.
Chapter 4 presents the concluding remarks, with scope for further
research work.
8
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Thresholding
2.1 Introduction
Thresholding is a simple form of image segmentation through which a binary
image can be obtained from a grayscale image. During the process, individual
pixels in an image are categorized as "object" pixels or "background" pixels if
their value is greater than some threshold value or otherwise . This convention
is known as threshold above. Other conventions include threshold below, which is
opposite of threshold above; threshold inside, where a pixel is labelled "object" if
it has a value between two thresholds and its opposite as threshold outside. [4]
Generally, an object pixel is given a value of 1 while a background pixel is given
a value of 0. Finally, a binary image is created by colouring each pixel white or
black, depending on the pixel's label. (Figure 2.1)
The key factor behind the thresholding process to choose the threshold value.
Several methods for choosing a threshold are available; one can manually choose
a threshold value, or a thresholding algorithm can be used to compute the same
automatically, known as automatic thresholding. [4] Choosing the mean or median
value would be a fairly simple method, the idea being that if the object pixels
are brighter than the background, they should also be brighter than the average.
This works well in a noiseless image with uniform background and object values.
9
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Figure 2.1: Graph depicting thresholding
A more accurate approach would be to create a histogram of the image pixel
intensities and use the valley point as the threshold. The approach assumes that
there is some average value for the background and object pixels, but that the
actual pixel values have some variation around these average values. But this
may be computationally intensive, and image histograms may not produce clearly
dened valley points, often making the selection of an accurate threshold dicult.
One method that does not require much specic knowledge of the image, and
works well against image noise is the following iterative method:
1. An initial threshold (T ) is chosen, either randomly or according to any other
method desired.
2. The image is segmented into object and background pixels by creating two
sets:
G1 = f f(m;n) : f(m;n) > T g
G2 = f f(m;n) : f(m;n)  T g
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where f(m,n) is the value of the pixel located in the mth column, nth row
3. The average of each set is then computed.
(a) m1 = average value of G1
(b) m2 = average value of G2
4. A new threshold is obtained with the average of m1 and m2
T ' = (m1 + m2)/2
5. Go to step two and now using the new threshold repeat until the new
threshold matches the previous one i.e. until convergence has been reached.
This iterative algorithm is a special one-dimensional case of the k-means
clustering algorithm, which has been proven to converge at a local minimum.
Hence, a dierent initial threshold may give a dierent nal result.
2.2 Otsu's Method
Otsus algorithm makes use of the zeroth and rst order cumulative moments of
the grey level histograms to predict a threshold value. For an image A, with k grey
levels, we can predict a threshold value, k thresh which divides the whole image into
two classes of pixels. Let the mean and the variance of the object and background
with respect to any arbitrary threshold value t be denoted by (m1, v 1) and (m2,
v 2) respectively, and p be the cumulative probability of the foreground. Then,
Otsus algorithm proposes an optimum threshold grey level k thresh such that [8]
(kthresh) = max((t)) (2.1)
(t) =
p(1  p)(m1  m2)2
pv1 + (1  p)v2 (2.2)
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2.3 Bleed-through Removal through
Thresholding
The document suering from bleed through can be subjected to basic thresholding
and Otsus method for optimal thresholding to enhance readability. However these
techniques fail to remove bleed through from low contrast document images.
Moreover, it is also found to result in loss of data in many cases.
An alternative would be to apply adaptive thresholding wherein a dierent
threshold may be used for dierent regions in the image. This is also known as
local or dynamic thresholding.
The process of removal of bleed-through in a scanned manuscript is shown
below. Figure 2.2(a) shows the original scanned document which has bleed-though
distortion. Figure 2.2(b) shows the outcome of Otsu's optimal thresholding; a good
level of bleed-through removal coupled with loss in data which, is not desirable.
On the contrary, thresholding produces near accurate results in a dierent
document. (Figure 2.3)
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(a) Original scanned image (b) Thresholding to remove
bleed-through
Figure 2.2: Sample of bleed-through removal by thresholding in a scanned Project
OaOb document
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(a) Original scanned image (b) Thresholding to remove bleed-through
Figure 2.3: Sample of bleed-through removal by thresholding in text from a book
with high quality paper
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Bleed-Through Removal
Algorithm
3.1 Overview
The use of a simple intensity threshold to eliminate the bleed does not yield
desirable results. The intensity of the bleed through is often very similar to the
intensity of the original writing such that they are too similar to dissociate them
with a threshold. Hence, algorithms to tackle the same have to be used. Such
algorithms are divided in two parts: registration and restoration. The registration
involves digitizing both the recto and the document and attempting to perfectly
make the recto and the ipped verso overlap. By having the bleed through
perfectly aligned with the original writing, it will be possible to eliminate the
bleed through and restore the document using thresholds.
3.2 Registration
Image registration is the process of transforming the dierent sets of data into
one coordinate system. Registration is necessary in order to be able to compare
or integrate the images that have been obtained in dierent measurements while
scanning. The registration algorithms for bleed-through may fall under either of:
15
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• Intensity-based or feature-based: Image alignment algorithms are
classied into intensity-based and feature-based. One of the images is
referred to as the reference and the other as the target or sensed. Registration
involves spatially transforming the target image to align with the reference
image. While intensity-based methods compare intensity patterns in
images via correlation metrics, feature-based methods nd correspondence
between image features such as points, lines, and contours. Intensity-based
methods register entire images or subimages whose centers are treated as
corresponding feature points. Feature-based methods gives a correspondence
between a number of points in images. A transformation is then determined
to map the target image to the reference images knowing the correspondence
between a number of points in images, thereby establishing point-by-point
correspondence between the reference and target images.
• Transformation models: They maybe used to relate the target image
space to the reference image space. They include linear transformations,
which consist of rotation, scaling, and other ane transforms. Linear
transformations are global in nature and thus cannot model local geometric
dierences between images.The second category of transformations allow
'elastic' or 'nonrigid' transformations. They are capable of locally warping
the target image to align with the reference image. Nonrigid transformations
include radial basis functions (thin-plate or surface splines, multiquadrics,
and compactly-supported transformations), physical continuum models
(viscous uids), and large deformation models (dieomorphisms).
• Spatial and frequency domain methods: Spatial methods operate in
the image domain, matching intensity patterns or features in images. Several
of the feature matching algorithms are extensions of traditional techniques
for manual image registration, wherein an operator chooses corresponding
control points (CPs) in images. When the number of control points exceeds
the minimum required to dene the appropriate transformation model,
iterative algorithms can be used to robustly estimate the parameters of a
16
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particular transformation type (e.g. ane) for registration of the images.
Frequency-domain methods nd the transformation parameters while
working in the transform domain. They work for simple transformations,
such as translation, rotation, and scaling. Applying the Phase correlation
method to a pair of images produces a third image which contains a
single peak which corresponds to the relative translation between the
images. Unlike many spatial-domain algorithms, the phase correlation
method is resilient to noise. In addition phase correlation uses the fast
Fourier transform to compute the cross-correlation between the two images,
generally resulting in better performance. The method can be extended
to determine rotation and scaling dierences between two images by rst
converting the images to log-polar coordinates. Due to properties of the
Fourier transform, the rotation and scaling parameters can be determined
in a manner invariant to translation.
3.2.1 Registration through Optimization
Introduction
This chapter explores a popular and widely used method for the registration of
documents as described in Section 3.2. First, both sides of the document are
digitized. The verso is then ipped and corrected so that the bleed through
coordinates of one side correspond exactly with the coordinates of the original
writing on the other. This is done because both sides to handle any dierence
in shift or rotation between the two. An ane transformation of six parameters
is used for the same whose parameters are found by optimizing the alignment
process.
Algorithm
Let us denote the recto of the document as fr(x; y) and the ipped verso as fv(x; y).
To obtain an ideal ipped verso, f Iv (x; y), some transformation has to be applied
to fv(x; y). [5] This is done using an ane transformation, At
17
Chapter 3 Bleed-Through Removal Algorithm
f Iv (x; y) = fv(x; y)  At (3.1)
This ane transformation consists of six parameters: t11, t12, t21, t22 are used to
correct the rotation while t13 and t23 are used to correct the horizontal and vertical
shifts respectively. To nd those parameters that will correct the verso perfectly,
we use the dierence. The dierence is viewed as the dierence that remains
between the recto and the ipped transformed verso when they are aligned. It is
a scalar and is denoted by:
difference = jjfr   At  fvjj2 (3.2)
It is evident that the smaller the dierence the more accurate the alignment
will be. This depends on the choice of parameters for the transformation. An
estimation of the parameters can be found by solving the following optimization
problem:
te = argtmin jjfr   At  fvjj2 (3.3)
This equation shows that the ane transformation parameters have to
minimize the dierence. It returns te, the estimated best parameters and using
those we obtain our estimated ideal verso:
f Iv = Ate  fv (3.4)
The detailed process of bleed-through removal by registration by optimization
followed by restoration is depicted by gures 3.1(a) and 3.1(b) which are the
scanned recto and verso images. 3.1(c) shows the registered and restored image.
3.2.2 Registration using Cross-correlation
Overview
Objects can be classied in ways other than measuring the dimensions or shapes
of objects. Image matching techniques compare portions of images against one
18
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(a) Scanned recto image (b) Scanned verso image
(c) Registered and restored recto
Figure 3.1: Bleed-through removal by registration by optimization in a Project
OaOb document
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another. This is done by a process known as spatial (or two dimensional)
cross correlation. Referred to as matched ltering, this technique involves
a pixel-by-pixel comparison of a small reference image containing an object of
interest with an image under analysis. The result obtained shows image showing
bright spots where the image matches the reference image. The brighter the spot,
the better the match. Hence, when the brightness is great enough, a match in
objects is determined. Quite often, this is obtained as a graph showing a peak
where the brightness is observed to be maximum. [6]
Registration Process
The matched lter is implemented in a similar manner to pixel group processes but
instead of a mask of weight values, matched lters use an image mask composed of
a reference image. The image mask is a small image depicting the object that we
wish to nd in an image. The mask dimensions are usually greater than the 3 X
3 and 5 X 5 pixel sizes used in spatial convolution. Rather, they can be any size;
the only limitation is the computational eort necessary to compute each output
pixel value.
The mechanics are similar to spatial convolution in that the image mask is
moved over the input image, pixel by pixel, placing resulting pixels in the output
image. At each pixel location, the input pixels are compared with the pixels
of the image mask and a resulting output pixel is created, the cross correlation
coecient, where a dark value represents a poor match between the two and a
bright output value indicates a good match. Similarly, for a graphical plot a high
peak represents a good match and vice versa. The resulting output pixel value
is computed as the sum of the input pixels in the group, each multiplied by its
respective image mask pixel value.
The resulting output values can may become enormous when all brightness
values tend to be equal. However, the output values will be relatively small when
there is not good correlation between the two.
20
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Basic cross correlation can be give as follows: [6]
O(x; y) =
X
i
X
j
I(x+ i; y + j)  T (i; j) (3.5)
Where O(x; y) is the cross correlation function, I(x; y) is the image function
and T (i; j) is the template. Usually the template is a sub-image smaller than
I(x; y) and the summation is over that area of I(x; y) overlapped by T (i; j). The
maximum value of O(x; y) is where the image and the template best match and
the maximum over all categories gives us the classication.
Steps
1. Read the vecto and verso images
2. Choose subregions in the verso image: It is important to choose regions that
are similar. Figure 3.1(b) is the template here.
3. Perform normalized cross-correlation and nd the coordinates of the max
peak : Calculate the normalized cross-correlation and display it as a surface
plot. The peak of the cross-correlation matrix occurs where the sub images
are best correlated. (Figure 3.2(a))
4. Find the total oest between the images : The total oset or translation
between images depends on the location of the peak in the cross-correlation
matrix, and on the size and position of the sub images.
5. Align the verso on the recto image: Pad gure 3.1(b) to overlay on gure
3.1(a), using the oset determined above.
6. Verify dimensions : If both the images are not of the same size, resize
accordingly.
7. Perform restoration: As detailed in Section 3.3
Registration by cross-correlation of gures 3.1(a) and 3.1(b) is shown in gure
3.2(a) which a plot of the peak which determines the oset. Cross-correlation
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followed by an intensity mapping is then performed as shown in gure 3.2(b). The
image is nally restored (Figure 3.2(c)).
3.3 Restoration
After the registration process is complete, the document can undergo restoration.
The restoration process for a document for a bleed through removal algorithm
aims at replacing the pixels of the recto corresponding to bleed through with the
background. The pixels of the recto can be classied under one of four categories:
[5]
1. There is recto writing but no bleed through.
2. Bleed through exists but recto writing does not.
3. There is neither recto writing nor bleed through
4. Both recto writing and bleed through exist.
Using thresholds, we can identify when a pixel falls in category 2 and we can
then replace it with the background value. This explains why it is necessary to
obtain a perfect alignment in the registration process. The bleed through pixels
don't correspond to the pixels of the recto writing if we try to nd in which
category the pixel fall, with a bad alignment. They have to correspond exactly
like in the original document, as it was before scan.
3.4 A complete comparative example
The following images give a complete comparative analysis of the three methods
implemented in the above sections.
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(a) Surface plot
(b) Correlation and intenstiy mapping (c) Restored recto
Figure 3.2: Bleed-through removal by registration using correlation in a Project
OaOb document
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(a) Scanned recto image (b) Scanned verso image
Figure 3.3: Scanned recto and verso images of an Oriya manuscript
(a) Thresholding to remove
bleed-through
Figure 3.4: Bleed-through removal by thresholding
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(a) Registered and restored
recto
Figure 3.5: Bleed-through removal by registration by optimization
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(a) Surface plot
(b) Correlation and intenstiy
mapping
(c) Restored recto
Figure 3.6: Bleed-through removal by registration using correlation
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Conclusions
The work in this thesis, primarily focuses on bleed-through removal in scanned
images. The work reported in this thesis is summarized in this chapter. Section
4.1 lists the achievements of the work. 4.2 lists the limations and 4.3 provides
some scope for further development.
4.1 Achievements
Two known methods for bleed-through removal from scanned images viz.
thresholding and registration by optimization were studied under great detail and
implemented. In addition, a third new method involving registration by correlation
was proposed and implemented on the same samples. The proposed method was
found to yield desirable results at par with the existing techniques that were
explored and may be considered as an alternate approach for batch processing
documents suering from bleed-through but not having rotational skew. Above all,
this was found to tackle the bleed-through problems of the scanned manuscripts of
Project OaOb at the Biju Pattnaik Library of the National Institute of Technology,
Rourkela, Orissa.
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4.2 Limitations of the work
The following limitations were encountered during the course of this project:
Although a very simple and ecient method for bleed-through removal,
thresholding has a number of drawbacks. It fails to remove bleed-through from
low contrast document image. When Otsu's algorithm is used for nding the
optimal threshold value in batch processing, it results in loss of detail in the
images. Manual eort is need to zero in on the most appropriate threshold
intensity which will conserve detail.
The registration by optimization method is very ecient in terms of time
complexity for alignment of recto and verso images but accuracy in alignment
was not achieved for large image sizes.
Registration by cross-correlation was eective in alignment of recto and verso
images but the implementation of the technique was heavy in terms of memory
requirements. Also this method fails when there is rotational skew between the
recto and verso images.
4.3 Further Development
A method for skew detection and correction can be combined with the proposed
method for a complete solution for removal of bleed through. Also this method can
be extended to incorporate colour information, for the restoration and storage of
scanned manuscripts. A batch processing technique incorporating the procedure
can also be developed for automated removal of bleed through from a the set of
scanned images. In addition, solutions to the problems common to all documents
digitized through scanning as listed in Section 1.5, can be developed.
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